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Japanese Patent Application Laid-open No. Hll-8194 
[Title of the Invention] 

A Measuring Method of Exposure Conditions, 
5 An Evaluating Method of a Projection Optical System, and 
A Lithographic System 

[Abstract] 

[Object] To measure the imaging characteristics of the 
10 projection optical system (such as best focus) with high 
accuracy and high repeatability. 

[Configuration] The projection exposure apparatus 
disclosed has a stage ST on which a wafer W is mounted, 

15 and a focus detection system to detect the height of the 
wafer W. A test pattern is transferred by exposure to 
the wafer W by varying the focus and the dose to produce 
shot matrices under various exposure conditions. 
Exposure is performed until overexposure is reached 

20 whereon the test pattern has disappeared by development. 
An alignment sensor 11 determines whether the resist 
image of the test pattern remains after development. The 
disappearing dose at which the photoresist pattern 
disappears first is obtained in each focusing position. 

25 The focusing position at which the disappearing dose is 
greatest is determined as the best focusing position. 
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What is Claimed is: 

[Claim 1] A measuring method of exposure conditions for 
a substrate in which an exposure apparatus is used that 
transfers a mask pattern with a predetermined energy 
5 amount onto said substrate whose surface is coated with a 
resist layer and is arranged on a predetermined exposure 
reference surface wherein 

in said exposure conditions measuring method, 
spacing between said exposure reference surface and said 

10 substrate is changed in each of a plurality of different 
segment areas on said substrate, and also in each of said 
plurality of segment areas, said pattern is exposed while 
changing an exposure energy until a resist image of said 
pattern disappears due to development. 

15 [Claim 2] The method of Claim 2 wherein said exposure 
energy that has been changed is sequentially stored in 
memory. 

[Claim 3] The method of one of Claims 1 and 2 wherein a 
disappearing exposure energy where said resist image 

20 disappears is obtained based on an availability of said 
resist image after development. 
[Claim 4] The method of Claim 3 wherein said 
disappearing exposure energy is obtained for each 
position in a spacing direction of said exposure 

25 reference surface and said substrate. 

[Claim 5] The method of Claim 3 wherein a value 
corresponding to contrast of said resist image is 
obtained based on said disappearing exposure energy. 



[Claim 6] The method of Claim 5 wherein a value 
corresponding to said contrast is obtained by 
standardizing said disappearing exposure energy with a 
predetermined reference exposure energy. 

[Claim 7] The method of one of Claims 5 and 6 wherein a 
best imaging plane of said exposure apparatus is obtained 
based on said contrast. 

[Claim 8] The method of Claim 1 wherein said resist 
image is detected by a detection unit provided in said 
exposure apparatus . 

[Claim 9] The method of Claim 8 wherein whether said 
resist image has disappeared is decided based on 
detection results of said detection unit. 

[Claim 10] An evaluating method of a projection optical 
system of an exposure apparatus using said exposure 
apparatus that transfers a mask pattern with a 
predetermined energy amount onto a substrate whose 
surface is coated with a resist layer and is arranged on 
a predetermined exposure reference surface wherein 

in said projection optical system evaluating method, 
spacing between said exposure reference surface and said 
substrate is changed in each of a plurality of different 
segment areas on said substrate, and also in each of said 
plurality of segment areas, said pattern is exposed while 
changing an exposure energy until a resist image of said 
pattern disappears due to development, and based on said 
exposure energy at which said resist image disappears 
said projection optical system is evaluated. 
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[Claim 11] A lithographic system in which a projection 
optical system of an exposure apparatus is evaluated 
using said exposure apparatus that transfers a mask 
pattern with a predetermined energy amount onto a 
5 substrate whose surface is coated with a resist layer 
arranged on a predetermined exposure reference surface 
and also detects said mask pattern formed on said resist 
after development, said lithographic system comprising: 

a substrate stage on which said substrate is mounted, 
10 said stage adjusting a positional relation of said 
projection optical system and said substrate in a 
direction in which they are spaced and moving said 
substrate two dimensionally; 

a control system that controls a position of said 
15 substrate stage so that a predetermined pattern is 

exposed on each of a plurality of different segment areas 
of said substrate while changing a spacing between said 
exposure reference surface and said substrate, and 
changes an exposure energy in each of said plurality of 
20 segment areas until a resist image of said predetermined 
pattern disappears due to development; and 

a detection system that detects said resist image in 
said plurality of segment areas, whereby 

a disappearing energy at which said resist image 
25 disappears is detected for each of said segment areas 

based on detection results of said detection system, and 
an imaging, characteristic of said projection optical 
system is calculated based on said disappearing energy. 
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DETAILED DESCRIPTION OF THE INVENTION 
[0001] 

[Technical Field to Which The Invention Pertains] 
5 The present invention is generally related to a method of 
measuring exposure conditions and a method of evaluating 
projection optical systems^ and, more particularly, to a 
method of measuring exposure conditions using a 
projection exposure apparatus for manufacturing 
10 semiconductor integrated circuits, liquid crystal 

substrates, thin-film magnetic heads and so on, to a 
method of evaluating projection optical system used in 
projection exposure apparatus, and to a photolithography 
system. 

15 

[0002] 
[Prior Art] 

In recent years, with the increasing demand for 
semiconductor integrated circuits with ever higher 

20 integration levels, ever higher resolutions are required 
of projection exposure apparatus used to manufacture 
semiconductor integrated circuits. A key to achieving a 
higher resolution for such projection exposure apparatus 
is to enhance the imaging qualities of the projection 

25 optical system used in the projection exposure apparatus. 
To that end, the imaging qualities of the projection 
optical system need to be accurately measured and 
evaluated . 
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[0003] Among the means to evaluate the imaging qualities 
of the projection optical system used in the above- 
mentioned projection exposure apparatus, the imaging 
5 surface was measured, for example, by a method of (1) 
exposing a predetermined reticle pattern on the wafer 
while changing the focus, and the dimensions of the 
reticle pattern formed in the photoresist on the wafer 
are measured with a scanning electron microscope. Then, 
10 the measuring data thus obtained is plotted against the 
focus used in the exposure process, the maximum portion 
or the minimum portion of the curve obtained by fitting 
sliced according to a predetermined threshold value, and 
then the best focus could be obtained from its midpoint. 

15 

[0004] In addition, an alternative method has been 
proposed in which (2) a reticle pattern in the form of a 
wedge is transferred onto the wafer, and the line width 
in the direction of the longitudinal diagonal line of the 

20 transferred wedge-shaped reticle pattern is measured with 
an alignment sensor provided in the exposure apparatus, 
finding the best focusing position in the same manner as 
stated in the method (1) above. In this method, the 
change in line width in the direction of the sidewise 

25 diagonal line of the photoresist pattern caused by 

defocusing is replaced by the change in line width in the 
direction of the longitudinal diagonal line to enhance 
the measuring accuracy (Japanese Patent Application Laid- 
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open No. H2-30112) . 

[0004] Other methods proposed include methods in which 
the center of the focusing range where the image of the 
5 subject reticle pattern is resolved serves as the best 
focus, or a best focus defining method in which the 
focusing position whereby the image of the smallest 
pattern is resolved is defined as the best focus position. 

10 [0005] 

[Problems to Be Solved by the Invention] 

Although the inventor of the present invention analyzed 
that there are close relations between the shapes of the 
patterns and the measurements obtained in such measuring 

15 methods, in the conventional measuring methods where only 
the bottom part of the image formed in the photoresist is 
measured, the data obtained is only one-dimensional data 
such as line width, therefore, the shape of the reticle 
pattern had to be estimated, which lowered the measuring 

20 accuracy. 

[0006] In addition, as measuring objects grow smaller 
than ever, the measuring accuracy and repeatability 
decrease, which makes it necessary to change/set the 
25 measuring conditions including the photoresist and data 
processing conditions each time they decrease. Also, 
although the shape of the pattern is taken into 
consideration by measuring the top of the pattern as well 



as the bottom, the measurement data then comprises the 
measuring errors in the measurements of both top and 
bottom dimensions of the pattern, resulting in a poorer 
repeatability than when only the bottom dimensions are 
5 measured, in addition to a longer measuring time. 

[0007] Another disadvantage of the above evaluation 
technology is that a scanning electron microscope, which 
is an expensive tool, should preferably be used, which 

10 makes the overall cost relatively high. Furthermore, the 
method that uses a wedge-shaped reticle pattern can only 
be applied when the subject pattern is a reference 
pattern. Additionally, since the length of the 
photoresist pattern is measured in place of its width, 

15 the fine line widths of the pattern are not directly 

evaluated, and because the effect of the aberration on 
the imaging surface of the projection optical system 
differs between length and width, the best focus 
determined by this method does not necessarily hold true 

20 for both line and width. 

[0008] Another drawback of the method whereby the center 
of the focusing range where the image of the subject 
pattern is resolved is determined as the best focus is 
25 that the continuity of the data is lost, which makes the 
measurement data contain half of the focus step as a 
measuring error, making this method inadequate for 
detailed measuring. Furthermore, because the method 
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whereby the focusing position in which the image of the 
smallest pattern is resolved is determined as the best 
focus shares the same problem as the method whereby the 
center of the focusing range where the image of the 
5 subject pattern is resolved is determined as the best 
focus, the pattern size information of the subject 
pattern consequently contains pattern size information 
that has different aberration effects on the imaging 
surface other than that of the subject pattern, which 
10 means that the imaging surface may not purely be an 
imaging surface of the subject pattern. 

[0009] In view of the above drawbacks of such 
conventional methods, the present invention has as one of 

15 its objects to measure the imaging characteristics (best 
focus, curvature of field, etc.) of the projection 
optical system with high accuracy and high repeatability. 
Another object of the present invention is to make the 
imaging characteristics of the projection optical system 

20 measurable for any patterns subject to measurement, with 
high accuracy and high repeatability. It is also an 
object of the present invention to quantitatively 
evaluate the shape of any patterns with high accuracy and 
high repeatability within a short period of time, and to 

25 measure the best focus based on such evaluation. 

[0010] 

[Means to Solve the Problems] The present invention 
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proposes to solve the above problems as follows. 
According to one aspect of the present invention, in the 
method of measuring the photoresist exposure conditions 
using an exposure apparatus whereby the substrate coated 
5 with a photoresist layer is placed on a predetermined 
reference exposure surface and a mask pattern is 
transferred to the substrate by exposure process using a 
given quantity of energy, the distance between the 
reference exposure surface and the substrate is varied 
10 among a plurality of different segments on the substrate, 
and the exposure energy is changed to a quantity of 
energy at which the resist image of a predetermined 
pattern has been removed by the development process in 
each of the plurality of segments on the substrate. 

15 

[0011] According to another aspect of the present 
invention, in the method of evaluating the projection 
optical system of an exposure apparatus, using said 
exposure apparatus whereby the substrate coated with a 

20 photoresist layer is placed on a predetermined reference 
exposure surface and the mask pattern is transferred to 
the substrate by exposure process using a given quantity 
of energy, the distance between the reference exposure 
surface and the substrate is varied among a plurality of 

25 different segments on the substrate, and the exposure 

energy is changed until a quantity of energy is reached 
at which the resist image of a predetermined pattern has 
been removed by the development process in each of said 



segments on the substrate, thereby to evaluate the 
projection optical system based on the energy at which 
the resist image has been removed. 

[0012] According to yet another aspect of the present 
invention, in the photolithography system for evaluating 
the projection optical system of an exposure apparatus, 
using said exposure apparatus whereby the substrate 
coated with a photoresist layer is placed on a 
predetermined reference exposure surface, the mask 
pattern is transferred to the substrate by exposure 
process and said mask pattern formed on the photoresist 
is detected after the development process. Said 
photolithography system comprises a substrate stage on 
which a substrate is placed and which adjusts the 
relative position of the projection optical system and 
the substrate in the direction of the distance 
therebetween, and moves the substrate two-dimensionally; 
a control system that controls the position of the 
substrate stage such. that a predetermined pattern is 
transformed to the substrate by exposure by adjusting the 
distance between the reference exposure surface and the 
substrate in each of a plurality of different segments on 
the substrate and changes the exposure energy up to a 
quantity of energy at which the resist image of a 
predetermined pattern has been removed in the development 
process; and the detection system to detect the resist 
image in each of said plurality of segments on the 
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substrate . 

[0012] Said exposure energy at which said resist image 
has been removed is detected for each of said plurality 
5 of segments based on the detection results given by said 
detection system. The imaging characteristics of said 
projection optical system are calculated based on said 
exposure energy at which said resist image has been 
removed. 

10 

[0013] 

[Preferred Embodiment of the Invention] The present 
invention will be described in detail, referring to the 
drawings. Fig. 1 schematically illustrates the 

15 configuration of a stepper comprising a focusing function 
related to a first embodiment of the present invention. 
As is shown in Fig. 1, an exposure light (g-line or i- 
line) emitted from an exposure light source 1 such as, 
for example, a high-pressure mercury lamp, is converged 

20 by an ellipse mirror 2, passes a shutter 3 for dose 
control to illuminate a reticle R, via an optical 
integrator 4 comprising a fly eye lens, a reticle blind 
20 for setting the illumination area of a reticle R, and 
a main condenser lens CL. These components from exposure 

25 light source 1 through main condenser lens CL constitute 
an illumination system for exposure whereby the total 
dose on wafer W can be controlled by controlling the 
opening time of shutter 3. with a shutter controller 6, 



provided that the emission intensity of exposure light 
source 1 is substantially constant, 

[0014] Reticle R is held on a reticle stage RS that 
performs fine movement two-dimensionally (in an x, y, and 
rotational directions) , after it is aligned thereon by a 
reticle alignment system 5. The various patterns formed 
on a pattern area of reticle R are projected on wafer W 
by a double telecentric projection optical system PL. A 
wafer stage ST on which wafer W is mounted steps by a 
constant amount in the x- and y directions so that the 
various patterns formed in the pattern area of reticle R 
is sequentially transferred onto each shot area on wafer 
W by projection exposure. Wafer stage ST is controlled by 
a stage controller 7 that has a driving motor and a laser 
interferometer for measuring the coordinates of stage ST. 

[0015] In the apparatus illustrated in Fig. 1, a wafer 
alignment system is provided for detecting various 
alignment marks on wafer W. As illustrated in Fig. 1, the 
laser beam such as, for example, He-Ne laser and an Ar 
ion laser, generated by a laser beam source 11a, passes a 
lens system lib comprising a cylindrical lens, a beam 
splitter 11c, and an objective lens 10 before being bent 
by a mirror. It then perpendicularly irradiates wafer W 
via projection optical system PL. Lens system lib acts on 
the laser beam so that it becomes a slit-shaped spot beam 
on wafer W, extending in one direction. 
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[0016] The returning beam from wafer W (wafer alignment 
marks on wafer W) reverses its course via projection 
optical system PL and objective lens 10, and is reflected 
5 by beam splitter 11c. The beam then passes a pupil relay 
system lid and a spatial filter lie to be received by a 
photoelectric device llf. Of the returning beam from 
wafer W, spatial filter lie, which is arranged 
substantially in a conjugate relation with the pupil of 
10 projection optical system PL, shields the regular 

reflection beam and allows only the diffraction light and 
the scattered light to pass. 

[0017] The photoelectric signal produced from 
15 photoelectric device llf is applied to a signal 

processing system 12 where the position of the mark 
(pattern) is detected based on a waveform that 
corresponds to the profile of the mark. At the same time, 
signal processing system 12 samples the photoelectric 
20 signal from photoelectric device llf using a position 

measuring pulse supplied from the laser interferometer in 
stage controller 7. The photoresist pattern formed on 
wafer W is automatically measured using a wafer alignment 
system 11 and signal processing system 12 as will be 
25 described later in detail. 

[0018] The exposure apparatus illustrated in Fig. 1 has a 
focus detection system for adjusting the relative 
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position of the best focusing surface of projection 
optical system PL and the photoresist surface of wafer W 
in the direction of the optical axis. The focus detection 
system provided in the embodiment illustrated in Fig. 1 
5 is an oblique incident light type (AF sensor) focus 

detection system in which the light from a light source 
14 that is nonphotosensitive to the photoresist layer is 
made into an imaging beam by projection optical system 15 
and is obliquely projected on wafer W. The light 
10 reflected off wafer W is received by a photoelectric 

detection unit 18, via a photodetection optical system 16 
and a slit 17. 

[0019] In the AF sensor, when the best focusing surface 
15 of projection optical system PL coincides with the 

surface of wafer W, detection unit 18 outputs a signal 
that indicates that focusing is achieved. When the wafer 
surface is out of alignment with the best focusing 
surface in the vertical (optical axis) direction, 
20 detection unit 18 outputs a signal that indicates the 

amount by which both surfaces disagree. A focus control 
unit 9 (hereinafter referred to as "AF unit'') processes 
the signal (referred to as ''AF signal") that indicates 
either the state of focusing or the amount by which both 
25 surfaces disagree. 

[0020] Wafer stage ST comprises a Z stage that finely 
moves wafer W in the optical axis direction, and a 0 
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stage that finely rotates wafer W in an x-y plane. The 
automatic focusing is performed, by driving Z stage under 
the control of stage controller 7 in response to the AF 
signal. In a part of an optical system in the AF sensor 
5 or in AF unit 9, an offset portion is provided that 

shifts the actual wafer surface, of which the AF signal 
indicates the focusing position, in the direction of the 
optical axis of projection optical system PL. Any shift 
amount can be set in the offset portion from a main 
10 control system 8. 

[0021] In the measuring of the best focusing position 
according to the above embodiment, a predetermined shift 
amount will be sequentially set in the offset portion. In 

15 addition to the overall control of various operations 

performed by the exposure apparatus main body, the main 
control system 8 also comprises a memory to store 
exposure conditions. To measure the imaging qualities of 
projection optical system PL, a test reticle on which 

20 line-and-space patterns are formed is carried to reticle 
stage RS instead of a device reticle. 

[0022] Now the method of measuring the imaging qualities 
of projection optical system PL according to the 
25 embodiment of the present invention will be described 

below. First the measuring principle whereby the imaging 
qualities of projection optical system PL according to 
the present invention are measured will be described. The 
basic concept of the measuring principle is that the 
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focusing position where the contrast of the light that 
the photoresist receives is highest is obtained, and it 
be determined to be the best focusing position. That is, 
when the dose is increased when transferring a 
5 predetermined pattern of reticle R (e.g., line-and-space 
pattern) onto the photoresist of wafer W, the resist 
image after development grows smaller according to the 
dose, and when the dose exceeds a certain amount, the 
resist image disappears. The dose at which the resist 

10 image disappears (referred to hereinafter as 

''disappearing dose") depends on the optical contrast of 
the pattern transferred on the photoresist, and 
disappearing dose is larger when the contrast is higher. 
The contrast changes, depending on the degree of 

15 defocusing, therefore, when the measuring pattern is 
exposed while changing the degree of focus, the 
disappearing dose changes according to the defocus amount 
(the focus state) . 

20 [0023] Fig. 2 is a graph that illustrates the relation 
between the focus and the disappearing dose. The 
horizontal axis illustrates the focusing position and the 
vertical axis illustrates the disappearing dose. In Fig. 
2, because the focusing position corresponding to the 

25 peak of the curve at which the disappearing dose is 

greatest shows that the contrast has reached its maximum, 
this focus position where the disappearing dose becomes 
maximum is the best focusing position. The method of 
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detecting the best focusing position based on the 
relation between the degree of defocusing and the 
disappearing dose will hereinafter be referred to as 
^^overexposure method" . 

5 

[0024] The measuring method used in the overexposure 
method will now be described. Fig. 3 illustrates a 
measuring reticle R used to measure the best focus by the 
overexposure method. On measuring reticle line-and- 
10 space patterns 21a, 21b, 21c, 21d, and 21e are provided. 
For the sake of convenience, the line-and-space patterns 
illustrated each have only three lines but in actual, 
more line patterns are provided. 

15 [0025] In the case of the line-and-space patterns 
illustrated in Fig. 3, the exposure intensity 
distribution that the resist image receives is 
illustrated in a solid line in Fig. 4. Fig. 4A 
illustrates the exposure intensity distribution obtained 

20 when the best focus is achieved, and Fig. 4B illustrates 
the exposure intensity distribution obtained when 
defocused. In Figs. 4A and 4B, the horizontal axis 
indicates the position on the resist and the vertical 
axis indicates the dose (exposure energy) that the resist 

25 receives. In Figs. 4A and 4B, D indicates a slice level 
of the exposure intensity at which a positive resist 
dissolves in a developing solution under a predetermined 
development condition. That is, when the intensity (Ex) 
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is greater than slice level D at a certain position in 
the X direction^ the resist dissolves in the developing 
solution, whereas when the intensity is smaller than 
slice level D, the resist remains on wafer W after 
5 development. Accordingly, the resist image is formed on 
wafer W in such areas where the dose (energy) is smaller 
than slice level D. 

[0026] The thickness of the resist image formed on wafer 
10 W is related to the magnitude of the minimum part (Emin) 
of the exposure intensity distribution (energy 
distribution) curve. The film loss is more conspicuous 
when dose (energy) Emin is greater, and when dose Emin is 
smaller a good resist profile with less film loss can be 
15 obtained. Therefore, when the difference between dose 
Emin and slice level D is expressed as AEmin, AEmin 
indicates the contrast of the resist image itself. Such 
difference may be used as a scale to decide the best 
focus, and by setting the focusing position at which 
20 AEmin is greatest as the best focusing position, the 
position at which the resist image has the optimum 
profile can be obtained as the best focus. 

[0027] In cases where surplus exposure energy thoroughly 
25 removes the resist image from the wafer after development, 
the exposure intensity distribution curves result as is 
shown in dotted lines in Figs. 4A and 4B. That is, when 
Emin ^ D, the resist image disappears completely, while 
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at a minimum dose Ed at which the resist image disappears, 
Edmin = D. In this case, the exposure intensity 
distribution in one exposure can be expressed as a linear 
function, and the exposure intensity at Emin can be 
5 expressed as f(x)»E. Therefore, when a reference dose 
(appropriate dose) is set as Eb, the difference between 
Edmin and Ebmin, AEmin, can be expressed as f (x) • (Ed-Eb) . 
Accordingly, AEdmin is replaced with a function of AE, 
which is a difference between each dose of Ed and Eb, and 
10 can be treated as f (x)«AE. 

[0028] In this embodiment, a relative value (lED) of Emin 
when exposure is performed with a set dose Eb is obtained 
by standardizing the f(x)#AE with Eb, and the relative 

15 value lED obtained for each of the focusing positions are 
made to be used as a scale to decide the best focus. The 
relative value lED is a function of AE, therefore, it can 
be said that it is a value quantifying the profile of the 
resist image and corresponding to the contrast of the 

20 image. Quantifying the profile of the resist image as in 
this embodiment enhances the accuracy with which the best 
focusing position is measured. Alternatively, the amount 
of exposure Ed may also be used to standardize the dose, 
with the relative value of Emin being expressed as RPC. 

25 The calculating method of lED and RPC will be described 
later below. 



[0029] The operations of best focus measurement by the 



overexposure method will now be described. 

(1) Setting the Reference Dose (Exposure Energy) Eb 
To be exact, the reference dose Eb is a dose (optimum 
dose) wherein at the center of the focusing range where a 
subject pattern is resolved, the size of the subject 
pattern is ''1'' divided by the magnification of the 
projection optical system of the reticle dimensions. 
However, when the same reference dose Eb is used to 
obtain lED at each of the focusing positions, the 
variation that may be caused in the best focusing 
position will be extremely small even though the 
variation in the ZED value caused by the change in 
reference dose is great, which therefore simply allows 2^D 
or an approximate value which is usually used as the 
optimum exposure amount to be used. This optimum dose Eb 
is stored in advance in the exposure apparatus, for 
example, by the operator inputting optimum dose EB into 
main control system 8 using a keyboard (not shown) or 
other means, or by storing optimum dose EB in a measuring 
program recorded in a storage device provided in main 
control system 8. 

(2) Setting the Maximum and Minimum Doses 

The dose whereby the resist image of the subject pattern 
remains in five or more focusing positions (in focusing 
positions for five or more shots) is obtained in advance 
as the minimum dose. 
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[0030] The dose whereby the subject pattern has 
disappeared in all the focusing positions (focusing 
positions for all the shots) is obtained in advance as 
the maximum dose. These maximum and minimum doses are 
5 stored in advance in the exposure apparatus, for example, 
by the operator inputting such doses in main control 
system 8 using a keyboard (not shown) or other means, or 
by storing such doses in a measuring program recorded in 
a storage device provided in main control system 8. 

10 

[0031] (3) Preparing the Measuring Wafer 
On a wafer coated with a predetermined thickness of 
photoresist, each of the patterns 21a to 21i formed on 
the test reticle in Fig. 3 is exposed onto a plurality of 

15 shots by varying conditions on the focusing position and 
the dose, using a test reticle illustrated in Fig. 3. In 
the embodiment, in order to transfer only one pattern of 
the patterns formed on the test reticle onto wafer W, the 
reticle blind 20 is used to blind all the other patterns 

20 so that shot matrices exposed while changing the focusing 
position and the dose are formed corresponding to the 
number of patterns. Since the test reticle illustrated in 
Fig. 3 has 9 patterns (21a to 21i) formed on it, 9 shot 
matrices Sa to Si are formed on wafer W as is illustrated 

25 in Fig. 5A. 

[0032] Fig. 5B illustrates a shot matrix Sa, which is 
produced by adjusting reticle blind 20 so that only 



pattern 21a will be exposed, setting a total of 330 shots 
in a 15 X 22 matrix in the x and y directions, 
respectively, on wafer W, and by sequentially exposing 
the image of pattern 21a on each shot area of wafer W 
based on a step-and-repeat method. In this case, the 22 
shots arranged in the y direction are each given a 
constant offset dose. To be more specific, instructions 
to change the exposure time by a predetermined period 
(such as from a few seconds to several tens of seconds) 
may be given to shutter controller 6 in Fig. 1, according 
to the shot position in the y direction. 

[0033] In Fig. 5B, for shots Lli toLlis that are to be 
given a minimum dose, an exposure time corresponding to 
the minimum dose set according to the above (1) is set in 
the main control system 8. Such shots are considered to 
have a 0 (zero) offset, and a predetermined offset is 
sequentially set from the top to the bottom of the shot 
arrangement in the y direction. In this embodiment, the 
offset is set to be a set maximum dose, when 22 levels of 
offsets are given . 

[0034] Meanwhile, in the shot arrangement shown in Fig. 
5B, the 15 shot areas arranged in the x direction are 
each given a constant offset to the focusing condition. 
To be more specific, instructions to change the focus 
amount by, for example, 0.1 \im each, according to the 
shot position in the x direction, may be given to the 
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offset portion provided in AF unit 9 illustrated in Fig. 
1. In Fig. 5B^ the offset is set to zero at LI9, which is 
around the center of the shot arrangement in the x 
direction, and the offsets of the shot arrangement in the 
5 x-direction are sequentially set from left to right, to 
the following 15 levels: + 0.8 jam, + 0.7 pm, -h 0.6 \im, -h 
0.5 ym, + 0.4 ]am, + 0.3 \im, + 0.2 pm, + 0.1 pm, ± 0.0 pm, 
- 0.1 ]im, - 0.2 pm, - 0.3 pm, - 0.4 pm, - 0.5 pm, and - 
0.6 pm, respectively. The + or - sign indicates the 
10 direction of the offset effected. 

[0035] Each of the 330 shots illustrated in Fig. 5B made 
in the manner described above have slightly different 
exposure conditions that are stored in main control 
system 8. Similarly, the other patterns 21b to 21i of the 
test reticle are sequentially exposed in the shape of a 
matrix, forming shot matrices Sb to Si on wafer W that 
correspond to each pattern. The exposure conditions for 
the shot areas of the matrices are also stored in the 
main control system 8. In this manner, the exposure 
conditions for 330 x 9 shots are stored in main control 
system 8. 

[0036] (4) Measuring the Pattern Disappearing Dose Ed 
25 A wafer alignment sensor 11 detects each of the resist 
patterns remaining after development in the shot areas 
formed on the measuring wafer that is made. To be more 
specific, shots whose subject pattern has completely 
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disappeared at each focus and could not be detected by 
wafer alignment sensor 11 (disappearing shots) are 
detected. Fig. 6 illustrates shot areas where the resist 
images have disappeared and those where the resist images 
remain in the shot matrix Sa shown in Fig. 5B. The blank 
shots indicate the shots where the subject pattern 
remains on the wafer, and the black and hatched shots 
indicate the shots where the subject pattern has 
disappeared from the wafer. 

[0037] In particular, the black shots indicate the shots 
that are exposed with the minimum dose where the resist 
images disappear first (minimum disappearing shot) , and 
the dose for the minimum disappearing shot (disappearing 
dose Eb) and the focusing position for the shot are 
stored from the exposure conditions stored for each shot 
as is described above, in (3) . 

(5) Calculating the Value lED That Corresponds to the 
Resist image Contrast 

Based on the measurements and storage results, main 
control unit 8 calculates the lED for each focus using 
the following equation and stores it in memory. 

[0038] (Ed - Eb)/Eb = lED (Ed - Eb) /Ed = RPC 
(5) Data Processing 

When plotting the lED calculated from the above equation 
(lED for each of the focuses) against the focus, and 
fitting it by approximate calculation, a relation as is 



shown in Fig. 7 can be obtained between focus and lED 
The horizontal axis in Fig. 7 indicates the focus and th 
vertical axis indicates lED. 

[0039] As mentioned above, since lED is a value 
corresponding to the contrast of the resist image, the 
curve illustrated in Fig. 7 indicates the variation in 
contrast of the image of the subject pattern caused by 
defocusing. The contrast is highest at the position where 
the curve peaks. 

(6) Deciding the Best Focusing Position 

The curve data as illustrated in Fig. 7 is sliced with an 
appropriate offset value from the maximum value and its 
midpoint is detected as the best focus. However, the 
focusing position where the contrast is highest is 
usually obtained as the best focus, with the offset value 
set to 0 (zero). (7) Processes (4) to (6) above are 
performed on the other shot matrices (Sb to Si) to obtain 
the best focusing position for each of the shot matrices 
(patterns 21a to 21i) . By treating the lED as a value 
that corresponds to the contrast of the resist image and 
performing measuring and calculation as is described 
above, the best focus and best focus profile obtained by 
the overexposure method are made to substantially 
coincide with each other with only a small variation in 
measurements, thus improving the measurement accuracy of 
the best focus while reducing the measuring time. While 
the above embodiment uses lED, the best focusing position 
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may also be obtained in a similar manner, using RPC. 

[0040] As is described, because the best focusing 
position for each of the patterns 21a to 21i are obtained 
5 in the manner above, the curvature of field of the 
projection optical system can also be measured and 
evaluated. In addition, the sensor for measuring the 
resist image is not limited to alignment sensor 11 
described above. For example, the sensor may be of a type 

10 (FIA) that uses an image pickup device used in, for 
example, a CCD camera, to detect the patterns on the 
wafer, as is disclosed in Japanese Patent Application 
Laid-open No. H2-54103, or, alternatively, of a type 
(LIA) whereby the wafer is irradiated by two laser beams 

15 with a slightly different frequency from two different 

directions, and the interference light of the diffracted 
beams that travel in the same direction is received to 
detect the position of the pattern based on the phase 
difference between photoelectric signal and reference 

20 signal caused by the interference light. Also, besides 
the alignment sensor provided in the exposure apparatus, 
the resist image may be detected with an optical 
microscope or an electron microscope. 

25 [0041] In addition, the light source in the apparatus 
illustrated in Fig. 1 is not limited to a mercury lamp, 
and even when using an excimer laser (KrF, ArF) , copper 
vapor laser, solid laser, or the lil<e, the exposure 
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conditions measurement by the overexposure method can be 
applied to the apparatus. Alternatively, even when an 
excimer laser (Krf, Arf) and a chemically amplified 
photoresist are used, the exposure conditions measurement 
by the overexposure method can be applied to the 
apparatus . 

[0042] While in the above embodiment the dose is 
controlled by adjusting the length of exposure time, the 
dose may be controlled any other appropriate way. 
Specifically, the intensity of light from the light 
source may be varied, which may be achieved by changing 
the voltage supplied to the mercury lamp or excimer laser 
Alternatively, the intensity of the light from the light 
source may be adjusted using an attenuation filter. For 
example, as is disclosed in Japanese Patent Application 
Laid-open No. H2-135723, a plurality of attenuation 
filters that are switched to adjust the intensity of 
light from the light source may be provided insertable on 
the optical path. 

[004 3] The exposure conditions measurement by the 
overexposure method described above can also be applied 
to a so-called scanning type exposure apparatus whereby 
the reticle and the wafer are synchronously moved with 
respect to the projection optical system. In addition, 
the projection optical system may be a refracting type, a 
catadioptrical type, or a reflection type. The exposure 
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conditions measurement by the overexposure method 
described above can also be applied to an X-ray exposure 
apparatus or an electron beam exposure apparatus. 

5 [0044] 

[Advantages of the Invention] As is described above, 
according to the present invention, quantitative 
evaluation of the shape of the resist image exposed on 
the resist can be performed, which improves the accuracy 

10 of the best focus measurement. In addition to the best 
focus measurement, the present invention also makes the 
measurement of depth of focus and comparison of contrasts 
at each measuring point possible. The invention also 
improves measuring accuracy and repeatability, and 

15 reduces the measuring time. Furthermore, the present 

invention can be applied to a resist pattern of any shape. 

[0045] Also, the effect can be obtained in which the 
variation in best focus depending on the resist is 
20 eliminated. Furthermore, by using the alignment sensor in 
the exposure apparatus, the best focus measurement can be 
automatically performed. 

[Brief Description of the Drawings] 
25 Fig. 1 schematically illustrates a configuration of an 
exposure apparatus having a focusing function according 
to an embodiment of the present invention. 
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Fig. 2 illustrates a relation between focus and 
disappearing dose . 

. Fig. 3 schematically illustrates a configuration of a 
measurement reticle pattern formed on a test reticle. 

Fig. 4 illustrates an exposure intensity distribution of 
line-and-space patterns on a resist. Fig. 4A illustrates 
an exposure intensity distribution near the best focus 
position. Fig. 4B illustrates an exposure intensity 
distribution in a defocused state. 

Fig. 5A illustrates shot matrices exposed sequentially by 
varying exposure conditions. Fig. 5B is an enlarged view 
of a shot matrix. 

Fig. 6 illustrates the shot matrix in Fig. 5B indicating 
a shot arrangement where resist images have disappeared. 

Fig. 7 illustrates a relation between focusing position 
and lED (a value corresponding to contrast) within a shot 
matrix . 

[References of Major Parts] 

1: Light source, 8: Main control system, 

11: Alignment system, 14 to 18: Focus detection system, 
20: Reticle blind, 21a to 21i: Reticle patterns, 

Sa to Si: Shot matrices, R: Reticle, W: wafer 
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— :^y^tLX^lh't^o fBL, m'Slt:^y'^y himto 
tLX. h'yy^ h^'^M<^j:^y^ — tjy^itLWi^ 
^^hy:i--ij::^t[^XJ^l!b^. (7) {4)f)-^ 

(6) ODKif^^ftilCOv-3 :yh-ehy^;^(Sb-Si) 
^7)#>!r(co^.^Tll^TL. # 3 :y h h y (#/^^ 

— V2 1 a -2 1 i ) Si-. -<;^ h:7^ — 

i^^. I EDt^i^Uv^^!. hi^(D=i:^ \.yy. hdZMft^Ltzm 
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[0 0 4 0] U±<DXo{^. ^y<^ — >2 13 — 21 i 
-tM i(::|5S^$n6'b<7)T'(i/^<. i|#r?l^2-5 4 1 0 

^CO-tVi^ (F I A) '^'>:3i/Nji(7)y^^~>{;i^/^5 2 

^-:/(DfS:e^1^im-t-S^-f ^co-tr>i^ (LI A) ^ffl 20 

[0 04 1] ^fz. m\(n^^m,(nitw.\'^. i^m\\z.wm. 

t>cO-C(l/^< . m^Jev-vU-— if (KrF. Ar 
F) ^K^Ig^U— if. @«CL if^^fflV^^:^^T't>l5] 

^60 ^Z-::. in:3rv--7 U— +f (KrF. ArF) t\\L^ 

^PS-r^ J: 9{cLTl>J:v\ B^'J;t{i\ #P?fl¥2-l3 
5 7 2 3-^^#^lcra7r:^i^TV^5<t 5{c1t^(0^3t:7 

[0 0 4 31 ^fc. Ht}aiCO:^--^<iS7feffi(::J:5S3t^f* 40 
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[0 0 4 4] 

[0 0 4 5] ^fc. \y'yy^v\^x^-<y^vy ^—iiy^o:> 
^erttDT^7«>' h-ir>'if^fflv^-5::^{cj:t9. H 

[H2] :7;4~;^7;^<i: r^^lS^S <i: (7)^^ ^^-T (HT- 
[US] "ry^V \^^!7fv^z\z.m^^f\.fzV^mm \^^^ 

[[il4] \y^yy. h/i>^§tt^ L&S^N:^ — ><7:>||7fee*jg 

5>^<^^i-El-c^^o (A) H >^^~:^^{^-iS-e(7) 
il3t5^je5>^$r^-r^-efc»9. (B) \±iryir—iJy^^ 
X(nmimm,'^'^-%:7r^^mx-h 5. 
[nisi (A) Sl7t^f4=^ili$):'^x.Tg7tL./!:'>3 :y 
h-e h y ^>^»^^-rig|r'fo5p (B) IoCOv-h-;/ 

[me] Els (B) h-^ h y ^;:^{cjoi^T. 

[1171 lo(7)'>3 5/ h-e h y ^^xt;ijstt>5:7^— :^ 
[±ilg|5»(o?^-^otftp^l 

1 • • • itm.. 8 • • • 1 1 ■ • • r^T^ ^ 

1 4 - 1 8 • ' • ^..*^^^ai^. 2 0 • • • 
rJ^/uy^^ ^^K. 21a — 21iR-- - U^^^/U/^iJ? 
— Sa— Si • • ' y V-^ V^) {7 R - - - 
fV^ W • • • '^^''^o 
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